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It is assumed that the presence of turbulence in the atmosphere is strongly correlated with low values of the gradient Richardson number 
S20.
(toni)
rawinsonde height measurements of wind and temperature are fit using a Hermite interpolation algorithm. Richardson numbers (Ri) calculated from these profiles are analyzed to determine the number and percent of occurrences of Ri Ri c on a seasonal basis. Summary (seasonal) statistci on this critical Richardson number. or turbulence indicator. as well as all variables used, are computed for 1 km altitude bins from 2 to 25 kmn. a range determined to provide good statistical accuracy and precision. Particular f. atures in the height profiles of percent occurrences of Ri .:; Ric appear with remarkable consistency and are dependent on season and latitude. A characteristic peak layer in the percent occurrence of RI < 1. 0 near 10 km is found in data obtained from sites located from low to midlatitudes. The range in occurrence for this layer is from 40% in winter to 5% in summer. Multiple regression analyses are applied using data from 21 of the stations covering a region from latitude 25°N to 48*N and longitude 69°W to 1230W. The data are sectioned for separate analysis into four altitude regions 2 to 7 km, 8 to 13 km. 14 to 19 km, and 20 to 25 kn. The analyses demonstrate that the patterns of turbulence based on a critical Richardson number of 1 have a substantial component which is stable and reproducible from year to year. The regressions relate percent occurrences of Ri f-Ri c to location (latitude, longitude), altitude, and season; the coefficients of multiple correlation for altitudes below 20 km range from 0.62 to 0.78 (that is, up to 60% variation in percent occurrences explained). Yearly variations increases the square of the multiple correlation coefficients ony by a maximum of 0. 003 (that is, at most 3% variation explained). C~~S 
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THE RICHARDSON CRITERION
Here we will make use of the criteria for stability developed by Richardson.
Consider his energy budget equation for a large volume of the atmosphere (where he has assumed that the eddy viscosity p = eddy conductivity c):
The second term or the left side is the dissipation due to viscosity and the terms on the right, the supply from the mean wind and the loss from convective activity.
With the assumption that the eddy viscosity p equals the eddy conductivity c,
Richardson considered a special application of Eq. (1) where the volume of atmosphere is Initially at rest then set into motion by an approaching depression so that c and E' are just somewhat greater than zero. Under these conditions with the dissipation term negligibly small, then E' will increase if 
Since dE ~ dV +
5
( v dT (4) and the internal energy for an ideal gas is 7ero, then
V Differentiating the fas equation
II and substituting into Eq. (6) for PdV0 results in the following form of the first law:
and dividing by the integrating factor T to obtain an exact differential, the change in entropy is defined as
Substituting from the hydrostatic and gas equations, the entropy gradient can be expressed in the form:
The right side of Eq. 
DATA BASE
The rawinsonde data used in this study have been provided on magnetic tape by the National Climatic Center. These consist of twice daily "upper air observations" of winds and temperatures taken at 0000 and 1200 hours Table 1 ) have been reformatted for computer processing to provide sample statistics for the Richardson number study.
The rawinsonde system was implemented to provide data on a global basis at standard millibar levels (mandatory levels) to obtain charts and maps for weather analysis. A calibrated baroswitch is used to measure pressure levels and a hygristor and thermistor are used for the measurement of relative humidity and temperature. A transmitted signal from the balloon package is tracked automatically to determine the azimuth and elevation. Altitude and winds are obtained by
-using this information along with the geopotential height. Hess 1 2 has shown that the pressure at a geopotential height can be determined to within I mb by using a simple barometric element of the type used in the rawinsonde system. 
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.~--.---order hold). In Figure 3 . the original east-west wind speed component data from a typical set of measurements are overlaid (continuous curve) with the output of the fitting algorithm. It should be noted that there is substantial resolution in the original data, usually over one data point per km, implying that the fits should be accurate. Also, the 1-km intervals chosen are consistent with the original data rate.
In Figure 4 . the straight lines connect at points which represent the first differ--:
ences in the original wind component data of Figure 3 . at altitudes taken at the midpoints between successive data points. The dots in Figure 4 Data were grouped seasonally to assure statistical stability. Seasons were separated using the solstice and equinox dates. There were from 100 to 110 measurements at any given altitude between 2 km and 25 km.
The Richardson number is computed using tle temperatt.res and win, component values along with their derivativ i. Percent occurrences of Hi's less than or equal to unity were computed for eac-"eason and year at each altituc,-. Values less than or equal to I are used as ar ator of the onset tut lence. For each station there are 980 data readings (7 years X 4 seasons per year , 35 altitude binb).
A representative set of 21 stations (Table 2) were chosen from the -stations in the continental United States (Figure 5 ). They were chosen for a wide range of latitudes and longitudes spanning the country. Also, sites close to each other were included to measure correlation betweon sites. Topography was another consideration. It was desirable to include stt,,)ns v -h varying physicaL configurations to get a general representation of the country. Years 1971-1975 were chosen since the data were the most recent at the time and most of the sites were reporting on a regular basis through this period. Also stations were chosen on the basis that they were using similar and up-to-date equipment.
The number of samples at each kilometer bin was recorded for the 21 stations. A minimum of 100 samples was required for statistical accuracy. Table 3 lists the highest altitude bin that attains a minimum of 100 samples. Over 85% of the groups have 100 samples at 25 km. Due to the geographic formations surrounding some stations, balloon readings began at 2 km. The altitude range 2 to 25 km was used for analysis. Thus, the data available has been reduced from 980 data points to a more consistent 480 points, (24 altitude bins X 4 seasons X 5 years). PERCENT OCCURRENCE (1) Yearly variations in the occurrences of Ri --1 were found to be small; these contributed, at most, lebs than 1% of the total variation. :
(2) The amounts of variation in turbulence explained by knowing latitude, longitude, altitude and season included 38% in the 2-7 km bin, 60% in the 8-13 bin, 42% in the 14-19 km bin and 11o in the 20-25 km bin. 
